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CO2 MIST (Carbon Dioxide Miscible Flooding Screening Tool) is designed to provide an 
inexpensive and reliable method in screening carbon dioxide flooding (CO2). CO2 flooding 
can be considered one of the methods which offer the potential of additional oil recovery. The 
parameters and key factors that help in mobilizing reservoir oil and influence the whole 
process of CO2 flooding are discussed. These parameters are recognized and thus are 
converted into a screening tool using Excel-VBA that would help enable proper reservoir 
modeling of the whole process. Key points in the choice of miscible flooding are also 
described in this report by portraying its advantages. The model would then be further 
analyzed and compared to field data so that the program will be deemed suitable for practical 














CHAPTER 1 INTRODUCTION 
 
1.1 Background of Study 
Global concerns on green house gas emissions into the environment have prompted interest 
in carbon dioxide capture and sequestration (CCS). One such method described by McCoy et 
al. (2006) of sequestering carbon dioxide would be through CO2 flood-enhanced oil recovery 
(CO2-EOR). 
Enhanced oil recovery through CO2 flooding can increase oil production in the final stages of 
a reservoir’s life where CO2 has the ability to enter zones that were not previously invaded by 
water. This causes trapped oil to be released and at the same time a fraction of CO2 is trapped 
underground (Andrei et al., 2011). 
The process of CO2 flooding can be divided into two main mechanisms which would be 
miscible and immiscible processes (Shah, 2008).  In miscible flooding the suitable reservoir 
conditions are those that are below 1200 meters and oil density is above 22O
 
API. The CO2 
injected into the reservoir does not completely mix with the oil, thus decreasing the 
interfacial tension between the substances to almost zero (from 2-3 N/m
2
) and forms a low 
viscosity fluid that can be easily displaced. For immiscible flood, it is used when reservoir 
pressure is too low and the oil density is too high. The CO2 injected to not mix with the oil 
within the reservoir but alternatively causes the swelling of the oil, resulting in a reduction in 











1.2 Problem Statement 
Taking into view, the significant effects of CO2 miscible flooding towards enhanced oil 
recovery and its environmental contributions, an extensive, inexpensive and reliable method 
for screening CO2 miscible flooding is proposed in this study. 
1.2.1 Significance of project 
 
The model encompasses a simplified reservoir model for the prediction of CO2 rates  and the 
associated enhanced fossil fuel recovery. The screening model predicts the feasibility of the 
flood campaign and its performance given the known reservoir parameters. It is intended to 
be used as an integrated add-on toolkit, providing the engineers and decision makers a simple 
―back of the envelope‖ calculation platform.  
1.3 Objectives 
There are several objectives that need to be achieved when completing this project. The 
objectives are:   
1. Identifying parameters and key factors that influence CO2 flooding. 
2. Develop and implement the CO2 flow model based on the fractional flow theory, 
modified for the effects of viscous fingering, vertical heterogeneity and gravity 
segregation. 
3. Demonstrating using field data and test cases and the associated parametric studies. 









1.3.1 Scope of Study 
 
The research will involve the understanding of the fractional flow theory which is modified to 
accommodate the effects of viscous fingering, vertical heterogeneity and gravity segregation. 
The Simple Wave Theory is also incorporated in the research, where the Koval Factor is used 
for the study of viscous fingering and the Dystra Parsons coefficient is used for Reservoir 
Heterogeneity.  The study of this project can be broken down to the identification of 
appropriate parameters and key factors that influence CO2 flooding and thus integrating them 
into a single screening model. 
1.4 Relevance of the Study 
This project focused on the topic of fractional flow of CO2 and reservoir modeling. These 
topics are related to the course of Fundamentals of Reservoir Engineering and the chapter of 
Immiscible Displacement and the knowledge of Fluid Mechanics is needed to perform 
research for this project.  
Being a project that is based on Enhanced Oil Recovery (EOR), focus would be placed on 
completing a screening model that would provide better understanding on the topic of CO2 
miscible flooding and at the same time compute a series of calculations in determining the 
feasibility of a project. In the screening tool oil rate versus time function is computed based 
on reservoir data keyed in by the user.  The study offers a simplified method in screening 











CHAPTER 2 LITERATURE REVIEW 
 
This chapter described the fundamentals of CO2 miscible flooding. Theories that have played 
a significant role in the study are also discussed. 
2.1 CO2 Characteristics 
At normal atmospheric conditions, CO2 is a thermodynamically stable gas that is heavier than 
air.  Figure 2.1 would be the phase diagram of carbon dioxide:  
              
Figure 2.1 -- Phase Diagram of CO2. Basbug et al., (2005) 
Referring to the Fig. 2.1, pure carbon dioxide has a critical temperature of 31
o
C and a critical 
pressure of 73 atm or 7.38 MPa. Below this temperature or pressure, the CO2 is either in 
liquid or vapor phase and if above the critical values, CO2 is in its supercritical state. The 
behavior of CO2 at these temperature and pressure conditions would still remain gas-like but 
has a liquid density that increases, which depends on the pressure and temperature from 200 
to 900 kg/m
3 
(Basbug et al., 2005). 
CO2 is a water soluble gas whereby its solubility increases with pressure and decreases with 
temperature and water salinity. Supercritical CO2 is immiscible in water. Solid hydrates that 
are heavier than water are formed at low temperatures and elevated pressures. 
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The gas also has a high affinity to coal whereby it is almost twice as high as methane, a gas 
that is abundantly found in coal beds (Basbug et al., 2005). 
In terms of carbon dioxide flooding the gas generally develops miscibility with the reservoir 
oils through mass transfer of components (Henry & Metcalfe, 1983). In miscible flooding, it 
is important to measure the minimum miscibility pressure (MMP) of CO2. Two key factors 
which greatly influence the CO2 MMP would be the reservoir oil composition and 
temperature (Yongmao et al., 2004). Yongmao et al.,(2004) have studied the PVT properties 
for reservoir fluid to CO2 mixtures where CO2 at a concentration range from 25.20% to 62.83 
mol % was combined with a reconstituted reservoir fluid.  
 
Figure 2.2 -- P-V Curves with CO2 Concentration. Yongmao et.al (2004) 
Figure 1.2 shows the P-V curves with seven different CO2 concentrations. When the CO2 
concentration is lower there is a clear inflexion on each curve,meaning that gas phase appears 
at the inflexion and the pressure at that point would be the bubble point pressure. When the 
CO2 concentration reaches a mol percentage of 62.83, the bubble point cannot be directly 
determined from the P-V curve and it can be deduced that the reservoir fluid and CO2 has 
reached the one-contact miscible state at that CO2 concentration (Yongmao et al., 2004). The 
bubble point is the pressure and temperature conditions at which the first bubble of gas comes 
out of a solution of oil.  
At a given temperature in the reservoir, the pressure maybe sufficiently high to keep all the 
existing gases in the solution. However, as the pressure is reduced by production after 
flooding, the system will eventually reach the bubble point pressure of either oil or water 
(Vetter et al., 1987). As soon as bubble point pressure is reached in a three-phase system, the 
gases will start to flash and as the pressure is further reduced, the thermodynamic variables of 
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both oil and water will start to change. Reactive gases such as CO2 which are mutually 
soluble in the liquid oil and water phases would change the chemical behaviour. 
2.3  CO2 Miscible Flooding 
There are three notable techniques for oil recovery which would be the primary, secondary 
and the tertiary recovery operation (Andrei et al., 2011). Primary and secondary methods 
together recover close to 21% of the original oil in place (OOP) (Srivastava & Huang, 1997). 
Enhanced Oil Recovery which is promoted by CO2 flooding comes into tertiary recovery 
operations where it is applicable to oilfields that are approaching their end of life and are able 
to produce additional oil in the range of 5-15% of OOP for light to medium oil rated 
according to the API standard. The recovery rate is lower for heavy oil reservoirs for oil 
below 20
o
 degree API (Andrei et al., 2011).  Some positives of CO2 floods compared to other 
conventional methods would be that it helps minimize gravity segregation compared to 
hydrocarbon solvents and it generally costs less (Srivastava & Huang, 1997). 
CO2 is not miscible with reservoir oil at first contact. Hence, this is where miscible flooding 
is brought into play.  Reservoirs with pressures at or beyond Minimum Miscibility Pressure 
(MMP) to the injected stream of CO2 promote multiple contact miscibility (Asghari & Dong, 
2007). Hence, the ability to achieve dynamic miscibility at normal reservoir pressures in a 
wide range of reservoir types in different areas is a major advantage of the CO2 miscible 
process. 
Miscibility pressures are affected by several factors such as CO2 purity, reservoir temperature 
and oil composition (Stalkup, 1978). Stalkup (1978) also stated that a relatively small amount 
of methane or nitrogen gas in CO2 would be able to increase the pressure for miscibility 
Listed below would be the advantages of a CO2-Flood (Stalkup, 1983). : 
 Miscibility of CO2- Reservoir Oil can be achieved at relatively low pressures 
 The recovery of oil is enhanced using a solution-gas drive 
 Displacement efficiency is high in miscible cases 










Figure 2.3 -- Miscible CO2 Flood. Stalkup(1983) 
 
 
Figure 2.4 -- Viscosity as a Function of Pressure. Yongmao et.al (2004) 
The reduction in viscosity of oil is an important factor in CO2 miscible flooding. From Fig. 
2.4 it can be seen that injection of CO2 can lower the oil viscosity from 0.89 mPa.s to 0.60 
mPa.s. Statistical data have indicated that 10%-70% of viscosity can be lowered using CO2 
injection (Yongmao et al., 2004). 
2.4  CO2 Flooding Process and Tools Required 
In theory, the minimum data required to exercise the reservoir model as stated by Paul et al. 
(1984) would be permeability, depth, porosity, reservoir pressure, API gravity and pay 
thickness. On the basis of the simulation model, the fractional flow theory plays a major part 
in the development and understanding of the program.  
The fractional flow-theory is a one dimensional solution by the method of characteristics 
(MOC) which was initially developed by Helfferich (1981). The fractional flow equation that 
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would be referred to would be the Buckley-Leverett model. According to the Buckley- 
Leverett model (Buckley & Leverett, 1942; Norman, 2001; Kleppe, 2011), the theory 
maintains that mass is conserved and a mass balance equation is formed. The Buckley-
Leverett equation can be written as follows for 2-phase flow:  
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Eqs. (1) and (2) can be further expanded to give space and time derivatives of saturation, 
since       (     ) and       (     ). Deriving Eq.(1) yields 
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And deriving Eqn.(2) gives 
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Using the method of characteristics, the velocities for the composition paths are obtained and 
given by 
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Eq.12 shows the concentration velocity, where i = 2 is the displacement of oil , i = 3 
describes a miscible solvent and i = 1, is water. F stands for the flux and C is the 
concentration. 
With the Buckley-Leverett method, oil recovery from CO2 flooding is calculated and the 
required injection volume to achieve oil recovery is estimated. Typical assumptions made are 
dimensional flow in a homogenous, isotropic or isothermal porous medium, at most three 
components are flowing, at most, two phases are flowing,  the fluids are incompressible, 
dispersion is negligible, and a continuous injection of constant composition is injected (Pope, 
1980). To calculate production the fractional flow of each fluid is calculated using Eqs. 4 to 
6. 
The characteristic velocities   
 
 define two families of composition paths or directions which 
would be the fast (positive) and slow (negative) paths. The fast path generally passes through 
the initial conditions of the reservoir while the slow path passes through the injection 
conditions. This sequence of paths satisfies the initial and boundary conditions and forms the 
composition route. The concentration velocities in this case must decrease consistently but 
not continuously from the initial to injected conditions. If this condition of monotonous 
      (9) 
      (10) 
      (11) 
        (12) 
      (13) 
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decrease is not followed, shocks are brought into the equation (Paul et al., 1984). Shocks are 
discontinuities in any physical variable where in this case would be the concentration and 
fractional flows. 
 
Figure 2.5 -- Flux-Concentration Plot. Paul et al (1984). 
Figure 2.5 shows the flux versus concentration plot for a two phase flow that includes fast 
and slow paths from fractional flow. The symbol    
 
 is equivalent to   
  which is the 
characteristic velocity described in Eq. 12. The slope of    shows the fast path of fractional 
flow whereas  
 
 shows the slow path. Hence, shocks are introduced to eliminate any 
discontinuity in the flow path (Paul et al.,1984). Therefore Eq. 11, now becomes  
     
   
   
 
Hence, by comparing Eqs. 11 and 13, if the path calculated is close to each other the estimate 
of shocks are in terms with the Buckley-Leverett theory.The theory also incorporates the 
Koval (1963) factor that accounts for unstable miscible displacements. Taking into account 
the 1-D fractional flow equation, the screening tool will not be able to be used with a Koval 
factor that is below 1.5-2.0 where this number shows very stable miscible displacement, (Paul 





        (14) 
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2.5 CO2 Flood Design 
 
Based on a predictive model by Paul et al., in 1986, six- section areas were identified to 
determine the feasibility of CO2 flood. The evaluation was based on extensive laboratory 
work, reservoir simulations and also an injectivity test.  
The laboratory work included black oil PVT and oil/CO2 phase behavior studies of 
recombined separator oil and gas samples, CO2 core floods and slim tube experiments. These 
studies were able to evaluate certain parameters such as oil swelling, phase transition 
pressures and viscosity reduction. The results are all taken as a function of CO2 
concentration. 
Next would be the slim tube experiments, where they were utilized to determine the 
minimum miscibility pressure (MMP). Core floods were conducted to determine the recovery 
of residual oil in water and through experimentation a WAG ratio of 1:1 was deemed most 
efficient (Ring et al., 1995) 
The injectivity test based on results taken from Ring et.al (1995), suggests that no apparent 
reduction in injectivity or changes in the injection profile would be apparent during or after 
CO2 injection has taken place. The results were obtained by injecting a total of 31 MMscf of 
CO2 (1.3% HCPV) into a well in a test period of 50 days. 
The CO2 model by Paul et al. (1986) computes CO2 and oil recovery from the fractional flow 
theory that is modified to incorporate the effects of viscous fingering, areal sweep, vertical 
heterogeneity and gravity segregation. The theory is based on a method of characteristics 
known as the simple wave theory. 
Hence, taking these conditions into consideration the screening tool is applicable to 
secondary (mobile oil present) conditions, tertiary (residual oil saturation) conditions, CO2 
slug processes, water alternating gas (WAG) processes and heterogeneous reservoirs. 
However there are limitations and assumptions that taken into account such as displacement 
of oil by CO2 is fully miscible, the Koval factor method adequately portrays viscous 
fingering, the reservoir is able to take any injection rate, the CO2 gas and water are 
simultaneously injected in proportion determined by a specific WAG ratio, there is no free 
gas saturation and the fluid properties are held constant.  
13 
 
2.5.1 Viscous Fingering 
 
Viscous fingering is the process whereby viscous forces of a displacing phase have greater 
momentum than that of the displaced phase (Islam & Saghir, 1999). It is an important process 
in enhanced oil recovery and CO2 flooding where it refers and predicts to the onset and 
evolution of instabilities that occur in the displacement of fluids in a porous bed. The process 
may come into play when a less viscous fluid that has higher mobility starts to penetrate a 
more viscous fluid that has lower mobility, during a displacement process.  
Juanes et. al (2006), have researched on the impact of viscous fingering on the prediction of 
optimum WAG ratio and have come up with several governing equations that explain on how 
viscous fingering affects miscible flooding especially in an attempt to reduce the mobility 
contrast between injected and displaced fluids. The following mathematical model describes 












((   )
 
   
)    
Both the Eqs. 15 and 16 are from the Buckley-Leverett equation, where S stands for the water 
saturation, f denotes the water fractional flow and both x and t are dimensionless space and 
time variables. Looking at the equation, water fractional flow is subsequently equal to mean 
water velocity, decided by the sum of the mean velocity of all flowing phases.  
The concentration and fractional flux equations are as follows 
               
                
The components of oil, water or miscible solvent are distributed between aqueous (1) and 
oleic (2) phases. By taking the effects of viscous fingering, flux in Eq.17 is modified to  
                             
where 
    
   
  ⁄
(                 )
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        (20) 
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Using the equation of Koval factor  
             (
  
  
)      
It is substituted into Eq.19 to form the following equations 
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2.5.2 Vertical Heterogeneity 
 
Heterogeneity plays an important role in flooding operations. One aspect of heterogeneity is 
permeability variation. Sweep efficiency also largely depends on areal heterogeneity in 
different intervals and its effects have largely been approximated by ―fudge factors‖ (Singhal 
& Springer, 2006). Vertical heterogeneity can be defined by a ratio of net to gross pay 
thickness, ratio of vertical to horizontal permeability, or a variation of measured core 
permeability. Core permeability is a part of the Dykstra-Parsons equation’s V- factor. 
In oil reservoirs where the vertical to horizontal permeability ratio is low, the importance of 
oil recovery by CO2 flooding is even higher. Reservoir heterogeneity of large changes in 
permeability is one of the most important factors towards the success of CO2 flooding 
(Shedid, 2009). Vertical reservoir heterogeneities are at times severely hindered due to the 
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        (23)         (24) 
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2.5.3 Gravity Segregation 
 
A major problem with gas EOR especially in heterogeneous formations would be vertical 
segregation of gas under gravity (Rossen et al., 2010). Stone (1982) has come up with a 
useful model for gravity segregation which was further elucidated by Jenkins (1984). Both 
involve steady state, uniform coinjection of gas and water in a homogeneous porous medium. 
Below would be derived equations from Stone and Jenkins where Lg being rectangular 
reservoirs and Rg representing cylindrical reservoirs: 
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 CHAPTER 3 METHODOLOGY 
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3.2      Project Methodology and Planner 
In order to achieve the objectives of the project, several key factors have to be taken into 
account so that research and execution is done in a systematic manner. The methodology 
created, describes four main phases in the execution of the project.  
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1) - Represents Personal Milestones 
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3.4 Future Milestones 
 Next step would be to test the screening model with field data if the required 
parameters and outputs are produced. 
 Improve on the GUI of the screening tool so that it is user friendly and has ease of 
operation  

























CHAPTER 4 VALIDATIONS, RESULTS AND DISCUSSIONS 
3.1 Initial Computation 
The screening model initially starts with a series of inputs by the user which includes the case 
controls that specifies the reservoir calculation methods where when this input is equivalent 
to 1, 1-Dimensional reservoir calculations are computed which includes the Koval factor. In 
terms of the output printing, a value of 1, directs the program to print out the initial properties 
of the CO2 fluid flow and a value of 3, prints out the 1-Dimensional summary for production 
and injection. Next would be the indicator for solubility where a value of 0, specifies that 
CO2 solubility in water is not accounted for, and water alternating gas calculations are not 
done, whereas a value of 1, allows the solubility of CO2 in water to be calculated from PVT 
tables specified in the screening tool. 
Once the viscosities, density and solubility of CO2, oil and water have been computed, the oil 
and water relative permeability, water fractional flow and derivates are computed. These 
values are computed using Corey-type equations. Listed below would be the equations that 
are used in the screening tool 
          
   
where  
    
(         )
            
 
and 
        
   
where 
   
            
            
 
The equation above basically shows the relative permeability of water,  , and the relative 
permeability of oil,    , where    is the exponent for water relative permeability and   for 
oil,      is for the connate water saturation and     would be the initial water saturation 
while    is the residual oil saturation to water.    and    are the relative permeability of 
connate water and oil at residual saturation. 
         (27) 
       (28) 
        (29) 
        (30) 
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Next the water fractional flow is calculated using the following equations 
   
   
        
 
Where 
      
      
     
 
 
Figure 4.1-- Relative Permeability Chart 
Fig.4.1, shows the relative permeability curves for oil and water versus water saturation. 
Hence, from the curves it can be deduced that as the saturation of water increases the 
effective permeability increases and thus causing the effective permeability of oil to increase 
gradually. Since the process is a water alternating gas (WAG) process the fraction of water to 
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              (32) 
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3.2 Fractional Flow Calculations 
The most important theory that’s included into the screening tool would be the fractional flow 
theory. One dimensional fractional flow equation by method of characteristics is introduced 
into the calculations and results into two characteristic velocities; fast path that passes 
through initial reservoir conditions and the slow path that goes through the injected 
conditions. The effects of viscous fingering were included into the screening tool by 
modifying the fractional flow using the Koval Factor. The value of the Koval factor does not 
change when the screening tool is run. 
The heterogeneity factor is calculated in two ways depending on the value of Dykstra-
Parsons coefficient (   ). Whereby: 
When     is greater than 0 
      
(
   
(       )   
⁄
 
or, if      is less than 0 and the      (Dykstra-Parsons coefficient for reservoir heterogeneity 
among all layers) is greater than 0 
      
(
    ( )
(        ( ))   
⁄
 
In the case of the calculations being done with only one layer a constant value of    is used 
throughout the screening tool’s run, however if the layer are of two and above, the      
would influence the heterogeneity of the reservoir thus causing the Koval factor to be 
different across the varying layers where i = 2,3,4,5.  
Once the initial conditions and reservoir properties have been calculated, the effects of 






              (33) 
           (34) 
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3.2.1 Effects of Gravity Segregation 
 
Taking into consideration the density of CO2 compared to oil or water (CO2 is less dense than 
oil and water), it has to be modeled accordingly in the screening tool. The method used would 
be to increase the Koval factor for each layer by multiplying it with a factor. In a reservoir, 
the CO2 would move towards the top and will eventually override oil in lower zones. 
A gravity override factor,     , is used in this case, where: 
                          
the equation for dimensionless gravity number    would be as follows: 
                    
     
      
 
where      is the ratio of vertical to horizontal permeability, and    and    are the density 
of water and CO2 respectively,   stands for the area,    is the reservoir permeability, and     
would be the total injection rate. As the gravity override factor increases, the Koval factor 
increases and thus causes recovery to decrease. The dimensionless gravity number  , is the 
ratio of time required for a liquid particle to travel the distance between wells to the time 
required for the fluid to move from the bottom of the reservoir to the top. 
Hence, once the computation of   is done in the screening tool, the gravity override factor 
     is further calculated. This factor influences the Koval factor that would be used in the 
calculation of fractional flow. A value of       , will prompt the program to not used the 
effects of gravity segregation.  
Once these values have been computed and identified two phase flash and fractional flow 
calculations are done. PVT calculations are used in two phase flash where they are to obtain 
vapor/liquid equilibrium data. Oil and CO2 flux, and their concentration are calculated and 
plotted from the fractional flow calculations. 
 
 
              (35) 
            (36) 
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Figure 4.2 – Oil Flux versus Concentration Plot 
 
Figure 4.3 – CO2 Flux versus CO2 Concentration Plot 
The figures 4.2 and 4.3 fast, slow and combined paths for fractional flow. Equations 5 to 13 
explain on how these curves are plotted. The intersection between the paths are show in 
figure 4.2, this is where the paths switch from the fast path to the slow path. Shocks are 
introduced into the fast path curve so that the curvature is monotonous. The combined path is 
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3.3 Rate and Slug Size Multipliers for Layers 
 
From the fractional flow theory, it can be seen that      is used to allocate the total injection 
rate,    and at the same time the    , which represents the total hydrocarbon pore volumes of 
CO2 and water that is injected during WAG. 
The cumulative probability of permeability of a layer,   , with n layers is shown below: 
   =   (1-0.5)/n 
The rate and slug size is then approximated by the number of layers by: 
    ( ) = n(   ( ) /   )      
Several outputs are retrieved from the slug rate and size calculations which would be the 
average oil concentration, average CO2 concentration, incremental production for oil and CO2 
and the value of dimensionless time to ultimate concentration. The fractional fluxes are 
converted into a 1-Dimensional injection/production summary. 
3.4 1-Dimensional Production Summary 
 
Once the fractional flow, shock and also finite slug calculation have taken place then the 
screening tool computes all this data together to finally come up with a production summary 
of the particular reservoir which data has been inputted by the user. 
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Figure 4.5 – Cumulative Injection Rates Plot 
 
Figure 4.6 – Cumulative Production Rates Plot 
From Figure 4.4 it can be seen that the oil rate has an increase at around 6 years of CO2 
injection and after a peak in production, the production starts to decrease. The cumulative 
production of oil can be seen from Figure 4.6 where maximum oil retrieved from the 
reservoir would be at around 28 years and after that the CO2 flooding will no longer be 
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3.5 Data Validation 
Figures 4.1 – 4.6 are derived from the screening of raw data using CO2 MIST.  These graphs 
can be validated using values obtained from Paul et al.,(1984) where the paper provides 
initial reservoir and injection conditions that can be incorporated into CO2 MIST.  
 
Figure 4.7 – 1-D Secondary Case Data. Paul et.al (1984)  
Figure 4.7 shows the 1-D secondary case data plot from Paul et al., (1984). The paper 
compares this data to a CO2 miscible flooding simulator and by comparison to Figure 4.4 
which is from CO2 MIST, the plot obtained shows almost similar comparison in terms of oil 
recovery and the oil rate. To add-on, CO2 MIST is believed to show more in depth curvature 
and data points compared to the study done by Paul et al., (1984). The time in CO2 MIST is 





Figure 4.8 – Oil Flux versus Concentration Plot. Paul et.al (1984) 
 








Figures 4.8 and 4.9 describe the oil flux and carbon dioxide flux versus concentration plot by 
the paper published by Paul et al., (1984) and these plots when compared to Figures 4.2 and 
4.3 which is obtained using CO2 MIST by incorporating raw data from the research done by 
Paul et. al, (1984) shows similar characteristics. It can be seen that the intersection of the fast 
path and slow paths in fractional flow happen at the same points and the data points are of 
similar nature. However, through observation it can be said that CO2 MIST provides better 
precision in terms of its data presentation where more data points are available and at the 






















Chapter 5 CO2 MIST User Guide 
 
 
Figure 5.1-- CO2 MIST Loading Page 
Figure 5.1 shows the start page of the screening tool where the START button directs the user 
to the user input page, the ABOUT button directs the user to a page where a brief 
introduction of the screening tool is available and lastly the EXIT button exits the program. 
 
 
Figure 5.2 – User Input Page 
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Figure 5.2 shows the user input page for the screening tool where the user needs in to key in 
the reservoir data, injection and production controls, fluid data and lastly the viscosity and 
heterogeneity data. The reservoir data inputs include the pressure, temperature, thickness, 
area, permeability and the depth of the reservoir. The injection and production controls, and 
fluid data includes information about the fluid injected which would be CO2 and water. The 
HELP button at the bottom of the input page provides the user information on the type of 
recovery calculations and data output options available in the program, and most importantly 
points out what each input represents. The DEFAULT button when clicked automatically 
inputs default values and thus calculations is done using the default values inputted. Lastly, 
when all data has been filled in the CALCULATE button is required to be clicked and thus 
the screening evaluation is done. 
 
Figure 5.3 – Initial Condition Results 
 




Figure 5.5 – Injection and Production Summary 
Figures 5.3 – 5.4 show the screening results of the default values that had been inputted in the 
user input page. Figure 5.3 shows the initial reservoir conditions and the relative permeability 
curve conditions. The initial conditions results are further plotted into a relative permeability 
chart that shows oil and water relative permeability curves. Next the screening results would 
be divided into a concentration plot tab and an injection/ production summary. The 
concentration plot tab shows fractional flow results and finite slog correction properties. Fast 
and slow path fractional flow plot are displayed on this tab. Lastly, the screening tool 
displays the production and recovery rate plots that conclude the evaluation of the reservoir 










CHAPTER 6 CONCLUSION 
 
6.1 Conclusion 
It can be concluded that the screening model for CO2 miscible flooding is certainly a method 
that can be used into the further study and also the wide implementation of CO2 flooding in 
especially areas that have not ventured into its usage. Due to the wide environmental values, 
the model would certainly play apart in reservoir functions and operations. The model applies 
numerical simulations and research data that have been proven by various other publications 























   = Saturation of water 
   = Saturation of CO2 
  = Fractional flow of water 
  = Fractional Flow of CO2 
  = Fractional Flow of Oil 
   = Relative Permeability of Water 
   = Relative Permeability of CO2 
   = Relative Permeability of Oil 
  = Viscosity of CO2 
  =Viscosity of Water 
  = Viscosity of Oil 
 = Characteristic Velocity 
C = Concentration 
F = Flux 
 = Koval Factor 
 = Heterogeneity Factor 
kz=Vertical Permeability Gravitational Acceleration 
W = Thickness of the Rectangular Reservoir Perpendicular to Flow 
   = Exponent for Water Relative Permeability 
  = Exponent for Oil Relative Permeability 
    = Connate Water Saturation 
    = Initial Water Saturation 
   = Residual Oil Saturation 
  = Relative Permeability of Connate Water at Residual Saturation 
  = Relative Permeability of Oil at Residual Saturation 
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   = Dykstra-Parsons Coefficient 
     = Dykstra-Parsons Coefficient for Reservoir Heterogeneity among all Layers 
     = Gravity Override Factor 
   = Dimensionless Gravity Number 
     = Ratio of Vertical to Horizontal Permeability 
   = Density of Water 
  = Density of CO2 
  = Reservoir Permeability 
   = Total Injection Rate 
n = No. of Layers 
  = Cumulative Probability of Permeability of a Layer 
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